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1
CHECK VALVE FOR COMPRESSOR

This nonprovisional application 1s based on Japanese
Patent Application No. 2014-015611 filed on Jan. 30, 2014

with the Japan Patent Oflice, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a check valve used 1n a
COMpPressor.

Description of the Background Art

A variable capacity-type compressor 1s known. This com-
pressor includes a check valve on a discharge passage. In the
compressor including the check valve, when a high-pressure
reirigerant gas 1s discharged from a discharge port to a
discharge chamber while pushing away a discharge valve,
the refrigerant gas 1s likely to produce pulsation. When a
valve element of the check valve 1s pressed by the pulsating
reirigerant gas, the valve element 1s vibrated and the noise
caused by this vibration of the valve element propagates
through an external refrigerant circuit to the outside, which
may cause undesired sound.

Japanese Patent Laying-Open No. 2000-346217 discloses
a compressor mncluding a check valve. This check valve
includes a valve housing having a communicating port. An
opening area of the communicating port 1s less than propor-
tional to a lift length of a valve element moving 1n a direction
away from a valve seat. This document describes that since
a large amount of a flmd 1n a flow path does not tflow out
when the lift length 1s small, occurrence of vibration caused
by repeated opening and closing of the valve element
(hunting phenomenon) 1s suppressed, the abnormal noise
and vibration are less likely to occur, and the pressure loss
can also be reduced.

When a flow rate of a refrigerant 1s extremely low, 1t
becomes diflicult to suppress the hunting phenomenon of the
valve element. Accordingly, an object of the present inven-
tion 1s to provide a check valve for a compressor 1n which
the hunting phenomenon of a valve element can be sufli-

ciently suppressed and the operation of the valve element
can be further stabilized.

SUMMARY OF THE INVENTION

A check valve for a compressor according to the present
invention mcludes: a valve seat arranged on a reifrigerant
flow path of a compressor and having a valve hole through
which a refrigerant passes; a valve element that 1s movable
in a direction contacting with and leaving from the valve
seat; a biasing member for biasing the valve element 1n a
direction i which the valve element comes close to the
valve seat; a valve housing in which a valve chamber in
communication with the valve hole 1s formed and 1n which
the valve element and the biasing member are accommo-
dated; and a communicating window formed 1n a circum-
terential wall of the valve housing and forming a part of the
reifrigerant flow path. The valve hole includes a small-
diameter portion and a large-diameter portion provided more
downstream than the small-diameter portion and having a
flow path cross-sectional area larger than that of the small-
diameter portion. The valve element includes an abutting
surface for closing the large-diameter portion of the valve
hole when the valve element 1s seated at the valve seat, and
an outer circumierential surface guided by the circumieren-
tial wall and interrupting communication through the com-
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municating window. The communicating window has such
a shape that an opening area thereol gradually becomes
larger with increasing distance from the valve seat. The
check valve has an open state, a fully closed state, and a
buflering state. When the abutting surface separates from the
large-diameter portion of the valve hole and the outer
circumierential surface opens the communicating window,
the open state 1s defined. When the abutting surface closes
the large-diameter portion of the valve hole and the outer
circumierential surface interrupts communication through
the communicating window, the fully closed state 1s defined.
When the abutting surface separates from the large-diameter
portion of the valve hole and the outer circumierential
surface mterrupts communication through the communicat-
ing window, the bullering state 1s defined.

According to the check wvalve for the compressor
described above, the hunting phenomenon of the valve
clement can be sufliciently suppressed and the operation of
the valve element can be further stabilized.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken i1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a compressor
including a check valve according to an embodiment.

FIG. 2 1s a cross-sectional view showing the check valve
according to the embodiment.

FIG. 3 1s a cross-sectional view showing a state 1n which
the check valve according to the embodiment 1s operating.

FIG. 4 1s another cross-sectional view showing the state
in which the check valve according to the embodiment 1s
operating.

FIG. § 1s a view for describing a relationship between an
amount of displacement of a valve element and an area of a
flow path (flow path area) through which a refrigerant gas
can flow within a valve chamber.

FIG. 6 1s a view showing a result of an experiment
conducted on the embodiment.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

An embodiment will be described heremafter with refer-
ence to the drawings. When the number, an amount or the
like 1s mentioned, the scope of the present invention 1s not
necessarily limited to that number, that amount or the like,
unless otherwise specified. The same or corresponding com-
ponents are denoted by the same reference numerals, and
redundant description will not be repeated.

(Compressor 100)

FIG. 1 1s a cross-sectional view showing a variable
capacity-type swash plate compressor 100 (hereinafter
referred to as “compressor”). A check valve 10 for the
compressor according to the present embodiment (hereinai-
ter referred to as “check valve 107) 1s assembled to this
compressor 100 and functions as a diferential pressure
control valve (the details will be described below). The
compressor 100 1includes a cylinder block 1, a front housing
3 and a rear housing 3.

The cylinder block 1 1s sandwiched between the front
housing 3 and the rear housing 5. Inside the cylinder block
1, a plurality of cylinder bores 1a are concentrically pro-
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vided at equiangular intervals. The cylinder block 1 and the
front housing 3 form a crank chamber 9 therein.

The cylinder block 1 has a shait hole 1/ and the front
housing 3 has a shaft hole 3. A drive shaft 6 1s rotatably
supported 1n the shaft holes 1/ and 3/ by a shaft seal device
9a and bearing devices 96 and 9¢. The front housing 3 is
provided with a pulley 6m through a bearing device 35, and
the pulley 6m 1s fixed to the drive shaft 6. A belt 6» driven
by an engine or a motor of a vehicle 1s wound around the
pulley 6m.

A lug plate 97 and a swash plate 7 are provided 1nside the
crank chamber 9. The drive shaft 6 1s pressed into the lug
plate 9/ and 1s inserted into the swash plate 7. Bearing
devices 94 and 9e are provided between the lug plate 9/ and
the front housing 3. An inclination angle reducing spring 8a
1s provided between the lug plate 9/ and the swash plate 7.
The lug plate 9/ and the swash plate 7 are connected by a link
mechanism 7¢ for supporting the swash plate 7 such that an
inclination angle 1s variable.

A circlip 6a 1s fixed to the drive shaft 6. A return spring
8b 1s provided between the circlip 6a and the swash plate 7.
One piston 15 1s housed 1n each of the plurality of cylinder
bores 1a. A pair of shoes 7a and 7b are provided between
cach piston 15 and the swash plate 7. Wobble movement of
the swash plate 7 1s converted into the reciprocating move-
ment of each piston 156 by the shoes 7a and 7b.

A valve unit 14 1s provided between the cylinder block 1
and the rear housing 5. Each cylinder bore 1a forms a
compression chamber 1c¢ between the piston 16 and the
valve umit 14. A suction chamber Sa and an annular dis-
charge chamber 55 are provided inside the rear housing 5. A
refrigerant gas (fluid) 1s supplied to the suction chamber 3a.
When the piston 15 1s 1n the suction phase, the refrigerant
gas 1n the suction chamber 3a 1s sucked 1nto the compression
chamber 1c. When the piston 15 1s in the discharge phase,
the refrigerant gas 1n the compression chamber 1¢ 1s com-
pressed and discharged into the discharge chamber 55.

The crank chamber 9 and the suction chamber 3a are
connected by a passage 4a. The crank chamber 9 and the
discharge chamber 5b are connected by passages 4b and 4c.
A capacity control valve 2 1s housed 1n the rear housing 5.
The capacity control valve 2 1s 1n communication with the
passages 4b and 4c¢, and 1s 1n communication with the
suction chamber 5a by a pressure detecting passage 44d.

The capacity control valve 2 opens and closes the pas-
sages 4b and 4¢ based on a tlow rate diflerential pressure or
the like of the refrigerant gas detected by the pressure
detecting passage 4d. The high-pressure refrigerant gas 1n
the discharge chamber 55 1s supplied to the crank chamber
9 through the passages 456 and 4¢. The pressure in the crank
chamber 9 1s adjusted to a desired value, and thereby, the
inclination angle of the swash plate 7 changes and a desired
discharge capacity 1s obtained.

A discharge passage Sc (refrigerant tlow path) 1s formed
inside the rear housing 5. The discharge passage 5c 1s 1n
communication with the discharge chamber 56 and 1s open
to a rear surface of the rear housing 5. The discharge passage
5¢ has a large-diameter hole portion 5d recessed rearward
from an inner wall surface of the discharge chamber 55, and
a small-diameter hole portion 5e¢ that causes the large-
diameter hole portion 54 to be in communication with an
opening 3f. The check valve 10 described next 1s disposed
inside the large-diameter hole portion 54. When the com-
pressor 100 1s mounted on an air conditioner for the vehicle,
the opening 5/ on the rear surface side of the rear housing 3
in the discharge passage 3¢ 1s connected to a not-shown
condenser.
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(Check Valve 10)

FIG. 2 1s a cross-sectional view showing the check valve
10. The check valve 10 includes a valve seat 11, a valve
housing 13 and a valve element 15. The check valve 10 1s
formed by assembling and unitizing these components. With
an O-ring 17 {it into a recessed portion 11e of the valve seat

11, the check valve 10 1s iserted 1nto the large-diameter
hole portion 54 from the discharge chamber 55 side. The
large-diameter hole portion 54 1s provided with a step
portion 5g.

With an outer circumferential surface of the valve seat 11
abutting the step portion 5g, the check valve 10 1s retained
by a not-shown circlip and the like. The check valve 10
makes a separation between the discharge chamber 56 and
the discharge passage Sc. The discharge chamber 56 1s
located on the upstream side of the discharge passage 5c¢, and
a portion of the large-diameter hole portion 54 opposite to
the discharge chamber 55 with the valve seat 11 1nterposed
therebetween 1s located on the downstream side of the
discharge passage 5¢. Hereinafter, the configurations of the
valve seat 11, the valve housing 13 and the valve element 135
will be described 1n detail 1n this order.

(Valve Seat 11)

The valve seat 11 has a cylindrical portion 11a and a
cylindrical portion 115, and 1s arranged on the discharge
passage 5¢ in the compressor 100 (FIG. 1). An inner
circumierential surface of the cylindrical portion 11a has a
s1ze and a shape corresponding to an outer circumierential
surface of the cylindrical portion 115, and the cylindrical
portion 115 1s arranged on the mner side of the cylindrical
portion 11a. The cylindrical portions 11a¢ and 115 are
fabricated as separate members, and then, are integrated.
The cylindrical portions 11aq and 115 can also be integrally
formed by a machining method or the like.

An end face 11ae of the cylindrical portion 11a located on
the discharge chamber 55 side 1s flush with an end face 11
be of the cylindrical portion 115 located on the discharge
chamber 556 side. A valve hole 12 through which the com-
pressed refrigerant gas (refrigerant) passes 1s provided nside
the valve seat 11. The valve hole 12 causes the discharge
chamber 56 to be 1n communication with the downstream
side of the discharge passage 5¢. The valve hole 12 includes
a large-diameter portion 124 and a small-diameter portion
125.

The large-diameter portion 12a 1s a portion formed by a
portion of the mner circumierential surface of the cylindrical
portion 11a that 1s not covered with the cylindrical portion
1156 (that 1s exposed). The small-diameter portion 125 1s a
portion formed by an inner circumierential surface of the
cylindrical portion 115. The large-diameter portion 12a 1s
located more downstream than the small-diameter portion
1256 1n the flow direction of the refrigerant gas. A diameter
D1 of the large-diameter portion 12a 1s larger than a
diameter D2 of the small-diameter portion 126, and the
large-diameter portion 12a has a flow path cross-sectional
area larger than that of the small-diameter portion 125.

The diameter D1 1s, for example, 4 mm to 8 mm and the
diameter D2 1s, for example, 3 mm to 6 mm. In a direction
of an axis line X1, a length D3 of the large-diameter portion
12a 1s shorter than a length D4 of the small-diameter portion
125. The length D3 of the large-diameter portion 12a 1n the
direction of the axis line X1 can be set at, for example, a
value equal to or larger than (diameter D1-diameter D2)/2.
When the diameter D1 1s 5 mm and the diameter D2 15 3
mm, the length D3 can be set at a value equal to or larger
than 1 mm.
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An outer circumierential surface of the cylindrical portion
11a 1s provided with a recessed portion 114 for engaging
with an end 134 of the valve housing 13, and the recessed
portion 11e into which the O-ring 17 1s fit. A seat surface 11c¢
1s formed at a tip of the cylindrical portion 11a pointing to
the downstream side. The seat surface 11c 1s parallel to a
plane orthogonal to the axis line X1.

(Valve Housing 13)

The valve housing 13 1ncludes a circumierential wall 134
and a bottom portion 135, and has a valve chamber 13s (see
FIG. 3) therein. The circumierential wall 13a has a cylin-
drical shape having the axis line X1 as a center axis, and the
bottom portion 135 has a disc shape closing a rear edge of
the circumferential wall 13a. The end 134 of the valve
housing 13 externally engages with the recessed portion 11d
of the cylindrical portion 11a, and thereby, the valve housing
13 1s fixed to the valve seat 11 and the valve chamber 13s
becomes 1n communication with the valve hole 12. The
valve element 15 and a spring 16 are housed 1n the valve
chamber 13s.

A plurality of communicating windows 14 for causing the
valve chamber 13s to be 1n communication with the outside
of the circumierential wall 134a are formed somewhere 1n the
circumierential wall 13a 1n the direction of the axis line X1.
The plurality of communicating windows 14 are spaced
apart from one another and aligned along the circumierence
of a circle with the axis line X1 being the center. Each
communicating window 14 has an 1sosceles triangular shape
with rounded corners. A window end portion 14a of the
communicating window 14 located closest to the valve seat
11 forms a vertex of this triangle. A window bottom portion
1456 of the communicating window 14 located farthest from
the valve seat 11 forms a bottom portion of this triangle.

Each communicating window 14 is a portion for allowing
the refrigerant gas tlown from the valve hole 12 into the
valve chamber 135 to flow out to the outside of the valve
chamber 13s, and can form a part of the refrigerant flow path
(discharge passage) in the compressor 100 (FIG. 1) (or can
function as a part of the refrigerant tlow path). As long as
cach communicating window 14 has such a shape that an
opening area thereof gradually becomes larger with increas-
ing distance from the valve seat 11, the shape of the
communicating window 14 1s not limited to the 1sosceles
triangular shape, and may be a triangular shape such as a
equilateral triangular shape and a night triangular shape.
Each side of the triangular shape may be a straight line or a
curved line. Each vertex of the triangular shape may be bent
or curved.

(Valve Element 15)

The valve element 15 1s arranged 1nside the valve cham-
ber 13s of the valve housing 13 and 1s located on the
downstream side of the discharge passage 3¢ with respect to
the valve seat 11. The valve element 15 includes a cylin-
drical portion 15 and a disc portion 15b. The cylindrical
portion 15q has a cylindrical shape having the axis line X1
as a center axis. The disc portion 155 has a disc shape
closing a front edge of the cylindrical portion 15a.

A minute clearance that allows the valve element 15 to
slide 1n the direction of the axis line X1 1s ensured between
an outer circumierential surface 15¢ of the cylindrical por-
tion 15a of the valve element 15 and an inner circumferential
surtace 13¢ of the circumierential wall 13a of the valve
housing 13. Due to the clearance, the valve element 15 can
be guided by the valve housing 13 and move 1n a direction
contacting with and leaving from the valve seat 11. The
spring 16 (biasing member) 1s provided between the disc
portion 1556 of the valve element 15 and the bottom portion
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6

135 of the valve housing 13. The spring 16 biases the valve
clement 15 1n a direction 1 which the valve element 15
comes close to the valve seat 11.

An outer diameter of the disc portion 1556 of the valve
clement 15 i1s nearly equal to an inner diameter of the
circumierential wall 13a of the valve housing 13. An abut-
ting surface 154 1s formed at a front end of the disc portion
1556 of the valve element 15, and the outer circumierential
surface 15¢ guided by the circumierential wall 13a of the
valve housing 13 1s formed around the cylindrical portion
15a of the valve element 135. The abutting surface 154 is also
parallel to the plane orthogonal to the axis line X1. When the
valve element 15 1s displaced frontward and the abutting
surface 154 abuts the seat surface 11c¢, the valve element 15
1s seated at the valve seat 11 and the abutting surface 154
closes the large-diameter portion 12a of the valve hole 12.
At this time, the outer circumierential surface 15¢ of the
cylindrical portion 15a of the valve element 15 closes the
communicating window 14 and interrupts the communica-
tion through the communicating window 14 (fully closed
state).

In the state where the valve element 15 1s seated at the
valve seat 11, a portion of the outer circumiferential surface
15¢ of the valve element 15 located closest to the valve seat
11 (a portion located between the abutting surface 154 and
the outer circumierential surface 15¢) 1s distant from the
window end portion 14aq of the commumicating window 14
by a certain distance D (D>0). The distance D 1s, for
example, 0.5 mm to 3.0 mm.

(Operation of Compressor 100)

The operation of the compressor 100 configured as
described above will be described with reference to FIGS. 3
and 4. The case of using the compressor 100 1n, for example,
an air conditioner for the vehicle 1s assumed. The discharge
chamber 56 1s connected to the condenser through the
discharge passage 3¢, the condenser 1s connected to an
evaporator through an expansion valve, and the evaporator
1s connected to the suction chamber 5a. When the drive shatt
6 i1s rotationally driven by the engine or the like, the
refrigerant gas flown into the suction chamber 5a 1s com-
pressed 1n the compression chamber 1¢ and discharged into
the discharge chamber 55 at a stroke amount of the piston 15
corresponding to the inclination angle of the swash plate 7.

It 1s assumed that the capacity control valve 2 1s actuated
during this period 1n accordance with an mnstruction from a
passenger to change the air-conditioning temperature, a
change 1n the number of rotations of the engine or the like
of the vehicle, and the like. When the high-pressure refrig-
crant gas in the discharge chamber 556 1s supplied to the
crank chamber 9 through the passages 46 and 4c, the
inclination angle of the swash plate 7 decreases and the
discharge capacity decreases. Conversely, when the high-
pressure refrigerant gas in the discharge chamber 36
becomes less likely to be supplied to the crank chamber 9
through the passages 46 and 4c¢, the inclination angle of the
swash plate 7 increases and the discharge capacity increases.
As described above, the discharge capacity can be changed
as appropriate in the compressor 100.

The check valve 10 operates as follows. When the 1ncli-
nation angle of the swash plate 7 becomes the minimum and
the flow rate of the refrnigerant gas discharged from the
discharge chamber 56 becomes extremely low, a pressure
difference between the discharge chamber 56 and the down-
stream side of the discharge passage 5¢ becomes equal to or
smaller than a prescribed value AP. By the biasing force of
the spring 16, the valve element 15 1s biased toward the
valve seat 11 and 1s seated at the valve seat 11. The abutting




US 9,670,914 B2

7

surface 154 of the valve element 15 closes the large-
diameter portion 12a of the valve hole 12 and the outer
circumierential surface 15¢ of the valve element 15 inter-
rupts the communication of the valve housing 13 through the
communicating window 14. This state 1s maintained by the
biasing force of the spring 16. As a result, the discharge
passage Sc¢ enters the closed state (1ully closed state), and the
refrigerant circulation among the compressor, the condenser,
the expansion valve, and the evaporator stops.

Referring to FIG. 3, when the inclination angle of the
swash plate 7 increases from the minimum, the flow rate of
the refrigerant gas discharged from the discharge chamber
5b increases as well, and a pressure diflerence between the
discharge chamber 356 and the downstream side of the
discharge passage 5¢ exceeds the prescribed value AP. The
biasing force of the spring 16 yields to this pressure difler-
ence, such that the valve element 15 can no longer close the
valve hole 12, and the valve element 15 1s guided by the
valve housing 13 and separates from the valve seat 11.
During a period from the state 1n which the valve element 135
1s seated at the valve seat 11 to when the valve element 15
moves by the distance D 1n a direction away from the valve
seat 11, each communicating window 14 is substantially
closed by the outer circumierential surface 15¢ of the valve
clement 15 (buflering state). In this bullering state, only a
small amount of the refrigerant gas passes through the gap
between the outer circumierential surface 15¢ of the valve
clement 135 and the 1mnner circumierential surface 13¢ of the
valve housing 13, passes through the communicating win-
dow 14 and 1s discharged to the outside.

Referring to FIG. 4, with the increase 1n pressure differ-
ence, the valve element 15 1s further pushed by the refrig-
erant gas passing through the valve hole 12. After the valve
clement 15 further moves rearward beyond the distance D,
the outer circumferential surface 15¢ of the valve element 15
opens the communicating window 14 (open state). In this
open state, the abutting surtface 154 of the valve element 135
separates from the large-diameter portion 12a of the valve
hole 12 and the outer circumierential surface 15¢ of the
valve element 15 opens the communicating window 14 of
the valve housing 13. When the valve element 15 1s further
displaced rearward and a rear end of the cylindrical portion
15a abuts the bottom portion 135 of the valve housing 13,
the valve hole 12 enters the fully open state. At this time, the
cylindrical portion 15a fully opens the communicating win-
dow 14. As a result, the state of the discharge passage 5c¢ 1s
switched to the fully open state, and the refrigerant circu-
lation among the compressor, the condenser, the expansion
valve, and the evaporator 1s performed. An amount of
displacement of the valve element 135 from the state 1n which
the valve element 135 is seated to when the valve element 15
abuts the bottom portion 135 of the valve housing 13
corresponds to the stroke amount (maximum amount of
displacement) of the valve element 15. Although the valve
clement 135 1s configured to abut the bottom portion 135, the
valve element 15 may abut a spring receiver protrusion
formed at the bottom portion 135, or the valve element 15
may abut a protrusion provided at a portion other than the
spring recerver. In these cases, an amount of displacement of
the valve element 15 from the state in which the valve
clement 15 1s seated to when the valve element 135 abuts the
alorementioned protrusions corresponds to the stroke
amount (maximum amount of displacement) of the valve
clement 15.

A relationship between the amount of displacement of the
valve element 15 and an area of the flow path (tlow path
area) through which the refrigerant gas can flow within the
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valve chamber 135 will be described with reference to FIG.
5. As shown by a line L1 1n the figure, the flow path area 1n
the valve chamber 13s changes with the amount of displace-
ment of the valve element 15. Specifically, when the amount
of displacement of the valve element 15 1s zero, the tlow
path area 1n the valve chamber 13s 1s also zero. As the valve
clement 15 moves away from the seat surface 11c¢, the tlow
path area 1n the valve chamber 13s increases (section F1). In
the section F1, the tlow path area 1n the valve chamber 13s
increases linearly by an amount corresponding to (amount of
displacement of the valve element 15)x(length of an 1nner
circumierence of the circumierential wall 13a of the valve
housing 13).

In a section F2, even 1 the valve element 15 further moves
away Irom the seat surface 1lc, the flow path area in the
valve chamber 135 does not increase. This 1s because the
aforementioned distance D (D>0) 1s provided in the state
where the valve element 135 1s seated at the valve seat 11. An
area of the communicating window 14 1s suiliciently larger
than a cross-sectional area of the minute gap between the
outer circumierential surface 15¢ of the valve element 15
and the mner circumierential surface 13¢ of the circumfier-
ential wall 13a of the valve housing 13, and thus, the tlow
of the refrigerant gas 1s limited in the section F2. Therefore,
in the section F2, even 11 the amount of displacement of the
valve element 15 increases, the flow rate of the refrigerant
gas does not change sharply. A pressure difference between
the valve hole 12 and the outside of the valve housing 13
does not change sharply and the hunting phenomenon hardly
OCCUrs.

When the amount of displacement of the valve element 15
1s zero (in the fully closed state), a nearly closed space
having a capacity corresponding to the distance Dxa cross-
sectional area of the valve chamber 13s 1s formed 1nside the
valve chamber 13s to lead continuously to the large-diam-
cter portion 12a. The large-diameter portion 12¢ and the
nearly closed space having a capacity corresponding to the
distance Dxa cross-sectional area of the valve chamber 135
function as a damper space, and this damper space counter-
acts the pressure 1n a direction closing the valve element 15,
which makes 1t more diflicult to close the valve element 15.
As the amount of displacement of the valve element 15
increases (as the communicating window 14 1s opened), the
damper eflect of this damper space weakens gradually. This
damper space functions mainly during a period from when
the amount of displacement of the valve element 15 15 zero
to when the amount of displacement of the valve element 135
reaches the distance D, 1.e., during a period of the bullering
state.

When the amount of displacement of the valve element 15
becomes the same value as the distance D, the portion of the
outer circumierential surface 15¢ of the valve element 15
located closest to the valve seat 11 (the portion located
between the abutting surface 154 and the outer circumier-
ential surface 15¢) overlaps with the window end portion
14a of the communicating window 14. When the valve
clement 15 further moves rearward beyond the distance D,
the open state 1s formed, and near the window end portion
14a of the commumicating window 14, the valve hole 12
becomes 1n direct communication with the outside of the
valve housing 13, and the flow path area in the valve
chamber 13s increases gradually (section F3). Until the tlow
path area in the valve chamber 135 reaches a prescribed flow
path area (described below), the tlow path area 1n the valve
chamber 13s continues to increase with the increase 1n
amount of displacement of the valve element 15.
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As described above, the communicating window 14 has a
substantially 1sosceles triangular shape that spreads from the
window end portion 14a toward the opposite side of the
valve seat 11. Immediately after the amount of displacement
of the valve element 15 exceeds the distance D, a rate of
increase in opening area ol the communicating window 14
to the increase 1n amount of displacement of the valve
clement 15 1s relatively low. As the amount of displacement
of the valve element 15 continues to further increase, the rate
of increase 1 opening area (flow path area in the valve
chamber 13s) to the increase in amount of displacement of
the valve element 15 becomes higher. This opening area
continues to increase until the abutting surface 154 of the
valve element 15 overlaps with the window bottom portion
146 of the communicating window 14, and thereatter, the
flow path area in the valve chamber 13s 1s limited by the
opening arca of the commumicating window 14 (and/or a
flow path cross-sectional area of the cylindrical portion 1156
of the valve seat 11) and becomes substantially constant.
Since this opening area of the communicating window 14 1s
relatively large, loss of the fluid tlow rate can be reduced
even 1n the case of high tlow rate.

As described above, the valve hole 12 1s provided with the
large-diameter portion 12a and the small-diameter portion
126, and the large-diameter portion 12a 1s located more
downstream than the small-diameter portion 125. The space
formed 1nside the large-diameter portion 12a can have the
damper function. Specifically, 1f the valve hole 12 1s a
merely cylindrical space and does not have the damper
function, the refrigerant gas tflows into the valve hole 12
relatively swiltly. This swilt imnflow of the refrigerant gas
may induce the vibration caused by repeated opening and
closing of the valve element 15 (hunting phenomenon).

The valve hole 12 in the present embodiment has the
large-diameter portion 12a on the downstream side. The
space formed 1nside the large-diameter portion 12a provides
the braking force to the valve element 15. Even 1f the
refrigerant gas flows in with a pressure exceeding the valve
closing pressure and the refrigerant gas presses the valve
clement 15 and thus the valve element 13 tries to abruptly
move toward the downstream side, the space formed 1nside
the large-diameter portion 12a suppresses this movement of
the valve element 15 due to the damper effect. The vibration
caused by repeated opening and closing of the valve element
15 can be suppressed.

In a section F4, the flow path area 1n the valve chamber
13s 1s constant. The prescribed flow path area herein refers
to a value limited by the flow path cross-sectional area of the
cylindrical portion 115 of the valve seat 11 and/or the
opening area ol the communicating window 14. In the
section F4, the flow path area in the valve chamber 13s does
not increase even when the amount of displacement of the
valve element 135 further increases.

By increasing a value of the distance D, the aforemen-
tioned relationship changes from the relationship shown by
the line L1 to the relationships shown by a line L2 and a line
L.3 1in FIG. 5. With this, the communicating window 14 1s
closed and the section F2 1n which the flow path area in the
valve chamber 13s does not increase becomes longer as
shown by a section F2A and a section F3A. It 1s preferable
to optimize the value of the distance D depending on the
usage environment of the compressor 100 such as the
assumed pressure of the refrigerant gas.

Assuming, for example, that the stroke amount (maxi-
mum amount of displacement) of the valve element 15 15 L
[mm], the present embodiment can be configured such that
the relationship of the distance D [mm]=0.2xL 1s satisfied.
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Alternatively, assuming that the tlow path cross-sectional
area ol the small-diameter portion 125 of the valve hole 12
is S [mm*], the present embodiment can be configured such
that the relationship of the distance D [mm]=0.035xS 1s
satisfied. As described above, the check valve 10 according
to the present embodiment can suppress the vibration caused
by repeated opening and closing of the valve element 15.

FIG. 6 1s a view showing a result of an experiment
conducted on the embodiment. In Comparative Example 1
shown 1n FIG. 6, the valve hole 12 i1s formed by a merely
cylindrical space and the distance D=0. In Comparative
Example 2, the valve hole 12 1s formed by a merely
cylindrical space and the distance D>0. Example has a
configuration similar to that of the alforementioned embodi-
ment. In Example, the valve hole 12 includes the large-
diameter portion 12¢ and the small-diameter portion 125,
and the distance D>0.

In the configuration of Comparative Example 1, relatively
large vanations occurred in the flow rate of the refrigerant
gas discharged from the discharge passage 5c¢. In the con-
figuration of Comparative Example 2, more or less varia-
tions occurred 1n the flow rate of the refrigerant gas dis-
charged from the discharge passage 5¢, although they were
improved as compared with those 1n Comparative Example
1. In the configuration of Example, more excellent result
was obtained than those obtained in Comparative Examples
1 and 2. According to the check valve 10 of the embodiment,
it can be seen that the varnations i1n flow rate of the
refrigerant gas can be reduced.

As described above, it 1s desirable that the check valve
included 1n the variable capacity-type compressor should
close the refrigerant flow path only when the flow rate of the
refrigerant 1s extremely low. Namely, when the tlow rate of
the refrigerant 1s zero or substantially zero, the check valve
closes the refrigerant flow path (valve hole). However, when
a certain tlow rate of the refrigerant flows, the check valve
leaves the refrigerant flow path slightly open and permits the
discharge of the refrigerant with the valve opening pressure
maintained at a low value. As a result, the compressor
desirably functions as compression means. However, when
the valve opening pressure 1s set at a low value, the check
valve 1s likely to close the refrigerant flow path, and as a
result, the hunting phenomenon 1s likely to occur because
the refrigerant flow path 1s closed even 1n a case other than
the case of extremely low flow rate.

In the present embodiment, the large-diameter portion
12a and the nearly closed space having a capacity corre-
sponding to the distance Dxthe cross-sectional area of the
valve chamber 13s function as the damper space. This
damper space functions mainly i the bulflering state
between the fully closed state and the open state (or the
buflering state between the open state and the fully closed
state) of the check valve 10. Even 1f the valve opening
pressure 1s not set at a low value, the function of the damper
space makes 1t diflicult to close the refrigerant flow path
even 1n a case other than the case of extremely low tlow rate,
and thus, the hunting phenomenon can be suppressed. As a
result, the vibration of the valve element and the pulsation
caused by the vibration can be eflectively suppressed.

Although the embodiment of the present mmvention has
been described, 1t should be understood that the embodiment
disclosed herein 1s illustrative and not limitative in any
respect. The scope of the present invention 1s defined by the
terms of the claims, and 1s intended to imnclude any modifi-
cations within the scope and meaning equivalent to the terms
of the claims.
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What 1s claimed 1s:

1. A check valve for a compressor, comprising:

a valve seat arranged on a refrigerant flow path of a
compressor and having a valve hole through which a
refrigerant passes;

a valve element that 1s movable 1n a direction contacting
with and leaving from said valve seat;

a biasing member for biasing said valve element 1n a
direction 1 which said valve element comes close to
said valve seat;

a valve housing 1n which a valve chamber 1n communi-
cation with said valve hole 1s formed and in which said
valve element and said biasing member are accommo-
dated: and

a communicating window formed 1n a circumierential
wall of said valve housing and forming a part of said
refrigerant flow path, wherein

said valve hole includes a small-diameter portion and a
large-diameter portion provided more downstream than
said small-diameter portion and having a flow path
cross-sectional area larger than that of said small-
diameter portion,

said valve element includes an abutting surface for clos-
ing said large-diameter portion of said valve hole when
said valve element 1s seated at said valve seat, and an
outer circumierential surface guided by said circum-
ferential wall and 1nterrupting communication through
said communicating window,

said communicating window has such a shape that an
opening arca thereof gradually becomes larger with
increasing distance from said valve seat,

the check valve has an open state, a fully closed state, and
a buflering state,

when said abutting surface separates from said large-
diameter portion of said valve hole and said outer
circumierential surface opens said communicating win-
dow, the open state 1s defined,

when said abutting surface closes said large-diameter
portion of said valve hole and said outer circumieren-
tial surface mterrupts communication through said
communicating window, the fully closed state 1s
defined, and

when said abutting surface separates from said large-
diameter portion of said valve hole and said outer
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circumierential  surface interrupts communication
through said communicating window, the buflering
state 1s defined, wherein

in the bullering state, a substantially closed space 1s
formed by a part of an inner circumierential surface of
said valve chamber, said valve element, and said valve
seat, whereimn said part of said mmner circumierential
surface of said valve chamber 1s devoid of apertures,

said substantially closed space having a diameter that 1s
larger than a diameter of said large-diameter portion,

a first step surface 1s formed between said small-diameter
portion and said large-diameter portion,

a second step surface 1s formed between said large diam-
eter portion and said substantially closed space,

said substantially closed space being continuous with said
large-diameter portion, and

said substantially closed space and an interior space
defined by said large-diameter portion together form a
damper space.

2. The check valve for a compressor according to claim 1,

wherein

a window end portion defines a portion of said commu-
nicating window located closest to said valve seat, a
portion of said outer circumierential surface located
closest to said valve seat 1s distant from said window
end portion by a certain distance D (D>0) 1n a state
where said valve element 1s seated at said valve seat,
and

L [mm]| defines a stroke amount of said valve element, a
relationship of said distance D [mm]=0.2xL 1s satisfied.

3. The check valve for a compressor according to claim 1,

wherein

a window end portion defines a portion of said commu-
nicating window located closest to said valve seat, a
portion of said outer circumierential surface located
closest to said valve seat 1s distant from said window
end portion by a certain distance D (D>0) 1n a state
where said valve element 1s seated at said valve seat,
and

S [mm~] defines the flow path cross-sectional area of said

small-diameter portion, a relationship of said distance
D [mm]=0.035xS 1s satisfied.
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